Celsius degrees or Kelvins* *To obtain Celsius (C) temperature readings from Fahrenheit (F) readings, use formula: C = (5/9) (F -32) .
To obtain Kelvin (K) A number of investigators recommend using the immersed weight rate of transport, l£, rather than Q (Bagnold, 1963; Komar and Inman, 1970; Longuet-Higgins, 1972 
Thus, the immersed rate is equal to flux rate multiplied by a term which is assumed to be constant.
2.
Purpose .
There is some confusion concerning the relative validity of equations (2) and (5) as predictors of longshore transport. Authoritative publications have urged the use of 1^in equation (5) , and this has created the impression that the SPM equation (2) is distinct from, and inferior to, the immersed weight rate of computing longshore transport.
This report shows that, based on present knowledge, there is at this time (1978) no practical difference between equations (2) 
UNIT WEIGHT OF SAND
The applicability of an immersed weight transport prediction depends on a knowledge of the unit weight of sand. The discussion in this section concerns the unit weight of dry sand, but it is easily extended to cover sand immersed in seawater.
The unit weight of sand, y , is dependent on two variables. The first variable is the specific gravity of the sand grains, given by G = WYw (6) where y s is the weight density of the material making up the sand grain, and y w is the weight density of distilled water. Most sand grains are quartz with a specific gravity of 2.65. However, on some beaches sand grains may be composed of calcium carbonate with a specific gravity, when a pure solid, from 2 to 11 percent higher than quartz (G of 2.71 for pure calcite to 2.94 for pure aragonite) .
(Carbonate sands may also be effectively lighter than quartz when grains are made of porous shell material.)
The second variable is the amount of space taken up by voids in the sand deposit.
This can be described by several terms. The usual soil mechanics parameter is the void ratio, e, defined as Volume of voids/volume of solids . The usual parameter in coastal research (see eq. 3) is "volume concentration" defined as a' = Volume of solids/total volume . (8) The void ratio is related to the volume concentration by e = (1 -a')/a' . (9) In terms of the volume concentration, the unit weight of sand is Y = a'G Yu . (10) The few times that the unit weight of sand has been considered in longshore transport predictions, it has been assumed that the sand is all quartz (G = 2.65) and that a' = 0.60.
This value of a' is apparently derived from Chamberlain (1960) where a' = 0.60 is reported for fine sand collected from the beach face, after compaction. However, a', can vary significantly.
For example, Chamberlain reported data equivalent to a' = 0.53 for sand at the head of a submarine canyon and as low as 0.27 for micaceous sand lower in the canyon (taken from Shepherd, 1963 Using the "relative density" as defined by Sowers and Sowers (1970. p. 31) and the Table, a sand having the assumed a 1 = 0.60 would be "loose" sand in the case of uniform well-rounded sand grains, slightly loose for uniform subangular sand, and the loosest possible for wellgraded subangular sand.
However, it is probable that sand along the shoreline should be more on the dense side, rather than on the loose side because of the compacting effects of water soaking and wave action. Moreover, it is evident that the weight density will vary with the grain-size distribution and grain shape (Sowers and Sowers, 1970) .
Thus, the constant a' = 0.60 is an assumption not likely to be generally true.
Unit volume is equal to the reciprocal of the unit weight. Since uniform sands may vary 24 percent in unit weight (Table) , the same variation may occur in unit volume.
Since most independent, local field estimates of longshore transport are based on surveys of sand volumes, it is possible that the energy flux prediction can be significantly affected by variation in unit volume of the sand.
For example, Caldwell's (1956) and Komar's (1969) data are from surveys of the nearshore zone subject to wave action, and these data are 19 of the 23 data points used to establish the SPM longshore transport curve .
If the sand settled out in quieter waters, the same number of sand grains might be expected to yield larger surveyed volumes.
This possibility is consistent with the data from Channel Islands Harbor (Bruno and Gable, 1977) and Santa Barbara (Galvin and Vitale, 1977) , California, which do plot above the SPM curve (Fig. 1 ).
(However, even a 24-percent decrease in unit volume would only bring these California data points about 20 percent closer to the SPM curve on that log-log plot.) III.
PRESENT USE OF IMMERSED WEIGHT CALCULATION
The immersed weight formulation has been strongly recommended by some for longshore transport prediction. As shown by equation (3), the immersed weight rate equals the volume rate multiplied by two sandrelated parameters, a 1 (eq. 8) and y' (eq. 4).
However, the present use of In with the SPM design curve (eq. 2) implies a constant unit weight which probably was lacking in the underlying data. The existing design curve in SPM is based on three sets of field data for which a ' and even y^a re not available. One set measures short-term volume changes in the high tide surf zone (Komar, 1969) ; the second set measures longer term variations in the littoral zone (Caldwell, 1956) ; and the third set measures pumping rates of probable carbonate sand (Watts, 1953 Those studies that use Ijj, have assumed a Yg for quartz sand and a' = 0.6 to compute 1^. This is permissible when other data are lacking. Two sets of longshore transport data from protected waters related to SPM design curve.
However, to apply the result to typical engineering problems, the same assumptions must be made about Yg and a' to get back to a value of Q, since Q is the quantity needed in design. The steps involved for the present immersed weight procedure are shown in Figure 2 .
Although immersed weight rates are not presently practical in fieldwork, immersed weight rates of longshore transport are routinely measured in some laboratory experiments (Savage, 1959) .
IV.
RESULTS
The results of this analysis are summarized as follows:
In practical application, the immersed weight formulation does not presently improve the engineering prediction. The Longshore transport which produces shoaling in protected waters could produce more shoaling than predicted merely because of looser packing of sand grains. The magnitude of this increase is expected to be on the order of 10 to 20 percent and should not be greater than 42 percent.
4.
Field studies of longshore transport should include measurements to determine the void ratio (eq. 7), or equivalently a' (eq. 8), in the littoral zone and in protected waters.
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